Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
The measurement of inequality typically has three components: an equalisand (the thing that may be unequally distributed), the unit of analysis (the social or economic entities among whom the distribution takes place) and an aggregation method (the mathematical formula that assembles the information in the distribution). The rst and third of these components can be tricky. If the equalisand is something that has an unambiguous cardinal representation and is intrinsically non-negative (consumption expenditure? hectares of land?) then the rest of the measurement problem is comparatively straightforward: you specify carefully whether the unit of analysis is the individual person, the household or something else, you choose the particular aggregation method that appropriately represents the inequality principles that you consider reasonable (an Atkinson index? the Gini coecient?) and the problem is solved. If the equalisand is cardinally measurable but can take negative values (personal net worth?) then matters become trickier not all inequality measures are well dened in such cases and so you will be restricted in your choice of aggregation method. However, there may be a deeper problem: the equalisand itself may be a concept that is not naturally susceptible to representation on a cardinal scale. This is often the case when considering inequality of health status (Van Doorslaer and Jones 2003) or satisfaction (Oswald and Wu 2011 , Stevenson and Wolfers 2008 , Yang 2008 ).
This measurability problem raises serious theoretical and practical diculties when one wants to discuss the inequality in health status, which we will address in this paper, namely cardinalisation strategies and dealing with self-reported health correlation with other relevant covariates.
Health inequality suggests an approach to inequality that incorporates some concept of the hierarchy or status that covaries with health measures.
Most of the world in epidemiology and health economics take a materialistic approach to inequality measurement whereby individual status refers to the individual position in the hierarchy of consumption or income (Marmot 2005, Wagsta and van Doorslaer 2000) . Therefore, policies that improve the distribution of material conditions are assumed to translate into fairer distribution of health status. The latter comes with some important caveats.
First, health inequalities might not be the result of the status variable, and income as a status variable is itself a matter of choice and its use is problematic. Second, we ignore the proportion of social inequalities in health that are essentially avoidable or perhaps ethically legitimate (Fleurbaey and Schokkaert 2011, LeGrand 1987) . For instance, inequalities resulting from the pure depreciation of health capital over time are arguably not avoidable; the same could apply to biologically or generically driven gender dierences in health (Wagsta et al. 1991) .
The response to these diculties has mainly been pragmatic. For example, the current mainstream literature on health inequality relies heavily on concentration indices (Costa-Font and Hernández-Quevedo 2012) and the use of categorical variables, but there is really very little in the literature that examines the assumptions that underpin the techniques that are commonly used. There are various types of cardinalisation methods that have been proposed in the literature such as imputation, interval regression and so on but there is insucient discussion of the economic rationale for these methods or the practical implications of using one method rather than another.
Furthermore, such cardinalisation has been found to be the main source of bias: in a paper running a meta-regression of health inequality studies in the economics literature Costa-Font and Hernández-Quevedo (2013) nd that the main reason for estimate heterogeneity is the way studies cardinalise the health status. As a consequence, one should treat the existing literature with some caution.
There is also a theoretical literature on the problem of making inequality comparisons when the underlying equalisand is ordinal, but it has mainly resulted in a number of rather limited propositions that are dicult to interpret or apply. However, recent work on the analysis of distributions of categorical variables has shown how natural interpretations of individual status can be used to provide a robust approach to the inequality-measurement problem in this context without resort to arbitrary cardinalisation of ordinal concepts (Cowell and Flachaire 2012) . The status concept is similar to concepts used in poverty and relative deprivation and in recent approaches to the inequality of opportunity (de Barros et al. 2008 ). This gives rise to a new set of inequality indices that incorporate conventional distributional views such as degrees of inequality aversion and that can be applied to commonly used measures of well-being.
The results from this paper are the rst outcomes of an attempt to identify a more precise denition of measures of health status. We expect our ndings to provide researchers with a means of testing alternative ways of measuring inequalities of non-cardinal outcomes that may have signicant policy implications. This is particularly important taking into account that measures of health inequality are used to rank health systems, and increas-ingly measures of well-being are used by the United Nations to evaluate institutions and public policies. Here we undertake the following:
1. We examine the extent to which health-inequality rankings are aected by alternative analytical approaches to the categorical-data problem, including the conventional cardinalisation methods and the CowellFlachaire status-inequality approach.
2. We provide a rst estimate of well-being inequality rankings of world countries using the status-inequality approach.
3. We then examine whether patterns of inequalities in categorical measures health vary across dierent world regions. Do poor countries look dierent from medium / rich in terms of health-inequality rankings? Is there a regional consistency in inequality patterns?
The rest of the paper is organised as follows. Section 2 contains some necessary theoretical background, section 3 introduces the data set and explains our empirical strategy, section 4 contains our results and section 5 concludes.
2 Approaches to inequality measurement with ordinal data
There are two main approaches to the measurement of inequality using ordinal data. One could impute some articial index of individual health status as a function of the categories. In some cases the imputation is achieved through subjective evaluation by individuals (for example on a Likert scale) and in some cases by making use of quality of life indices (for example the Quality-Adjusted Life Year). The same procedure can be applied to entities that do not have a natural ordering, such as vectors of attributes or endowments; one uses a utility function to force an ordering of the data. This is similar to one of the standard theoretical approaches to the measurement of multi-dimensional inequality one computes the utility of factors and then computes inequality of utility, where the utility function is an appropriate aggregator (Maasoumi 1986 , Tsui 1995 . However the approach faces serious 1 It is commonly suggested that the median could be used as an equality concept corresponding to the use of the mean in conventional inequality analysis, although it has been noted that comparing distributions with dierent medians raises special issues (Abul Naga and Yalcin 2010). But the approach runs into diculty if quantiles are not welldened, as may happen in the case of categorical variables see Cowell and Flachaire (2012) .
An alternative way forward introduced by Cowell and Flachaire (2012) tackles the problem by separating out carefully the two tricky components of inequality measurement mentioned in the introduction, the equalisand and the aggregation method. each of these is underpinned by an axiomatic argument that goes back to rst principles. In short the resulting Cowell and
Flachaire method amounts to an aggregation of the discrepancies between each person's actual status and some status reference point. In such an approach clearly a lot rests on the precise denition of status. In the case of applications where the equalisandum has a natural cardinalisation (income or wealth for example) then it makes sense to dene status as income or wealth.
However, where only ordinal information is available as with categorical data on health status then we have to do more. Suppose that information is purely categorical, in that we only know how many people are in each category k = 1, 2, ...K, but that the categories can be arranged in increasing order of their desirability. Then a simple argument shows that, if there are n k persons in category k = 1, 2, 3, ...K, then the status of person i who is currently in category k (i) must be a function of either
The rst of these is a downward looking concept and the the second is its upward looking counterpart. It may be appropriate to normalise by the size of the total population n := K 1 n k so that person i's status is given by either the downward-looking version
or by the upward-looking counterpart of (1):
On either denition status must lie between zero and one. If there were perfect equality (everyone in the same category) then it is clear that both (1) and (2) take the value 1. It turns out that this, the maximum-status value, is the only thing that makes sense as the reference point.
3
So the inequality-measurement problem then amounts to aggregating the information in the vector s := (s 1 , s 2 , ..., s n ) in relation to the equality vector (1, 1, ..., 1). On the basis of some elementary axioms (Cowell and Flachaire) show that inequality must take the form of an index in the following family, indexed by α:
where α is a parameter less than 1. The family (3) is very similar to the well-known Generalised entropy class of inequality indices. The parameter α species the desired sensitivity of the index to a particular part of the income distribution: for low values of α the index I α (s) is particularly sensitive to values of s i close to zero. So we have a family of indices that is suitable for making comparisons of inequality in terms of health status. In what follows we shall suggest a way of using this to make health-inequality comparisons internationally.
3 If you try to use the mean (of status) this does not remain constant under changes in the distribution and, as a consequence, produces counterintuitive behaviour of he index. The median is ambiguous in the case of categorical data. But the zero-inequality distribution just described is well-dened and always produces a well-behaved index.
3 Data and Methods
The core of the analysis involves three main components: (1) extraction of suitable categorical variables on which to construct well-being indices;
(2) computation of cardinal imputations, status measures and associated inequality indices and rankings; (3) an analysis of cross-country inequality comparisons.
Data
Our approach requires quantitative analysis of internationally comparable data that contain measures of health status. Accordingly the main data source to be used is the World Health Survey which contains data from seventy countries; it collects comparable multidimensional micro-data on income, employment education and health. There are two reasons for the choice of this data base: rst, its great advantage for comparative work; second, its standardised world wide stricture can assist in examining cross country patterns across heterogeneous world regions that exhibits dierent levels of economic and social development.
The World Health Survey (WHS) is a general population survey, developed by WHO to address the need for reliable information and to cater to the increased attention to the role of health in economic and human development. The survey contains data from randomly selected adults (i.e. older than 18 years of age) who reside in seventy one countries who implemented household face-to-face surveys, computer assisted telephone interview, or computer-assisted personal interview in 2002. Sample sizes vary from 1,000 to 10,000.
Our measure of health status is the standard measure of self-reported health widely used in the literature as described in Table 4 in the Appendix.
As a measure, it suers from cultural adaptation problems that make cross country comparison challenging, but it appears to be an adequate measure for computing within-country inequalities.
Background
It is possible to estimate a health production h i function for individual i in the following kind of specication:
7 where x i represents known determinants of health and ε i a random component. Estimating such a function is more challenging than one might imagine because health status is a latent variable that cannot be observed in full. Instead, we can only rely on proxy estimates. A growing literature that that takes as it point of departure Idler and Benyamini (1997) typically employs self reported measures of health as proxies for individuals health status. However, more recently a literature has developed to show that perception and observation might not necessarily match Sen (2002) . The relevant variable, namely health status, can take the form of a censored (when quality of life measures are used), binary, ordered scale and interval variable depending on the underlying assumptions maintained by researchers.
In some exceptional circumstances, health status is measured using a censored continuous variable approach (for example when visual analogue scales are employed). If, instead of this, a binary approach is followed (for example, measuring morbidity of a certain condition), inequalities can be measured using a standard limited-dependent model such as a logistic regression techniques (Kunst and Mackenbach 1994) . As a result, it might be argued, the odds ratio of the underlying social position variable could say something about the extent to which social position inuences health status.
In the rst place, if the health variable allows an unambiguous ordering, then ordered probit models will take into account the structure of the data. So, by assuming an order and that it is possible to observe the variable health (a latent health variable) and the cut-o points, the probability of respondents' classifying themselves on a specic scale can modelled in the standard fashion. However, even where this is an improvement with respect to binary measures of health for the purposes of measuring health inequality, it is still dicult to interpret the meaning of a change in the order between scales of self-reported health status. An alternative way has been to obtain a linear index based on rescaling the ordered variable to obtain a normalised health index, such as in (Cutler and Richardson 1997) . However, this still implies accepting some arbitrary assumptions on the value and distribution of a person's health status. Furthermore, the underlying reasons for an individual's categorisation into a specic health scale are still not accounted for. Therefore, some research claims that self reported health status can be interpreted instead as individual's categorisation into an interval, which can be ascertained by nding a link between self-reported measures of health and some health utility indices (Van Doorslaer and Jones 2003) . This allows the use of interval regression to convert categories into continuous indexes (by 8 running the predictions of a model with an acceptable goodness of the t) which can then be used to compute measures of inequality. However, all the strategies followed in the literature are liable to be problematic.
Empirical Strategies
The rst step is to select categorical variables for measuring health. It is usual for both national and international surveys to contain information on measures of self-reported health in categorical form. The literature adopts dierent strategies to measure such a latent variable from categorical responses, but there is no consensus nor theoretically sound strategy to deal with that specic feature. For example, in the in the data set used here, point of each response to the ordinal question was obtained so as to estimate the cardinal value of self-reported health using an interval-regression approach. Alternatively, the common cardinalisation strategy includes using either ordinal or interval regression (Wagsta and Van Doorslaer 1994) . However, even when then methods are statistically valid, they impose non-neutral assumptions that are not theoretically grounded. Indeed, some studies estimate cardinal health status measures using a linear index based on rescaling the ordered variable to obtain a normalised health index, as in Cutler and Richardson (1997) . This still implies accepting some arbitrary assumptions on the value and distribution of individual health status.In order to carry out our methodological comparison we will also employ those techniques.
In the case of categorical data a simple way to process the data is to rank the values underlying the latent variable health. But in doing so the real distance between categories is unknown. Furthermore, given the multiplicity of survey data, scales tend to be arbitrary. Ordinal regression is used with or-dinal dependent variables, and uses the logit/probit link function. However, ordinal regression requires the assumption that the eect of the independent variables is the same for each level of the dependent variable. Then model outcomes can be interpreted to exhibit an interval censoring. In other words, we observe the ordered category into which each observation falls, but not the exact value of the observation. Interval regression is a generalization of censored regression. Both ordered and interval regressions models can be used to then transform a categorical outcome into a continuous variable based on the parameters of the regression. However, the transformation is highly dependent in the covariates of the regression and on the arbitrary nature of dierent variable categories. The strategy we pursue here addresses this latter point and provides an alternative cardinalisation method, that we argue is more suitable to measure inequalities in health. The Cowell and Flachaire (2012) paper includes the derivation of the statistical properties of the class of inequality indices that emerge from the status-inequality approach.
Our Approach
Our approach in this paper is to identify patterns arising from the WHS international data set using a robust methodology that takes account of the categorical nature of the data and the problems of making comparisons between countries. This involves two steps:
1. We use the Cowell and Flachaire (2012) class of measures for a variety of values of the sensitivity parameter α. In this way we avoid problems associated with arbitrary cardinalisation of the underlying categorical variables and allow some exibility in the choice of inequality measure.
2. Bearing in mind that the data are based on subjective evaluation it is important to avoid problems that may arise from systematic response bias between countries (some progress has been made in using anchoring vignettes that is increasingly used to correct for this type of bias see Kapteyn et al. (2007) and Rice et al. (2012) ). Specically, median categories are regarded as not informative given that some countries habitually over-report. The term moderate health means dierent things across countries because people's expectations are dierent. For this reason we focus on inequality orderings within the WHS sample as well as inequality levels. 
Results
So, let us apply the status-based inequality measure (3) to the WHS data using the two denitions of status given in (1) and (2). Figures 1 and 2 show the relationship between I α (s) and α for downward-looking and upwardlooking status respectively for eight OECD countries; a close-up version of the these gures (for − 1 /2 ≤ α ≤ + 1 /2) is shown in Figures 3 and 4 .
The patterns illustrated in Figures 1 to 4 are typical. At a rst pass it is clear that if we restrict attention to moderate values of the sensitivity parameter (− 1 /2 ≤ α ≤ + 1 /2) some of the conventional wisdom about OECD countries is conrmed: in the downward-looking case we can see that both Finland and France enjoy low health-status inequality. It is also clear that there is a dierence between downward and upward-looking measures of status: compare the charts for neighbours Austria and Germany. However, if we allow versions of the inequality measure that are very sensitive to low status (α < − 1 /2) it is clear that the inequality proles fan out dramatically and the conventional wisdom breaks down: within the OECD countries of WHS Finland and France are no longer low-inequality countries for this range of α.
Dierences in upward and downward looking status
As explained in section 3.4, we are interested in examining how rank order correlation vary when upward and downward status measures are used. To do so, we make use of graphical methods and correlation analysis. To throw further light on this in Table 1 we provide the association between upward and downward status. As expected, we nd that correlations are dramatically dierent when values of α vary. Findings are suggestive that the highest correlation between rank orders between upward and downwards 4 Not all OECD proles follow this pattern see the discussion of Figure 7 below. 
The role of inequality sensitivity
We now turn to a closer examination of the eect of the choice of the inequality-sensitivity parameter, keeping the status concept xed. In some cases the reranking with α is remarkable; indeed we have seen this in the case of downward-looking status for the six OECD countries depicted in Figure   5 A further nice example is shown in Figure 7 : consider the question, for A more formal method of investigating whether the association of country In Table 2 we nd high correlations when α is positive. As expected turning from a positive α to a negative α ips the sign of the correlation coecient with the exception of values close a value of α = 0, where we still nd positive correlations.
In Table 3 we follow the same strategy as before for upward looking status, yet in this case we nd positive correlation coecients irrespective of 
Regional patterns
In addition, we nd that inequality-based rankings do exhibit a specic regional mappings, although they do not reect clear cut or appreciable dierences in how health systems are funded and organised. Instead, rankings are sensitive to other unobserved eects that merit additional empirical analysis. Our results provide empirical conrmation of the importance of the status concept and the parameter α in ranking health systems. We have shown that the downward or upward status perspective does indeed exert an important dierence in ranking estimates. However, whilst changes up the parameter α can invert the country inequality rank-order for downward looking status, we do not nd a a ip in the coecients for upward-looking status. Hence, based on this evidence our tentative recommendation for applied and policy work would be to adopt an upward looking status perspective.
Finally, we have provided some insights on the regional patterns of selfreported health inequality that will form the basis for further research.
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